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CHAPTER I 
THE PROBLEM AND ITS HISTORY 
I n  1959 Harold C. Kulla presented a t h e s i s  t o  Drake 
u n i v e r s i t y  i n  which it was shown t h a t  many s tudents  and 
textbooks have an i nco r r ec t  idea of why an ob j ec t  d isplays  
t h e  co lor  it does. This incor rec t  t r a d i t i o n a l  view of color  
s t a t e s  t h a t  an ob j ec t  r e f l e c t s  wavelengths of i ts  own color  
and absorbs a l l  o ther  colors .  Kulla, i n  analyzing var ious  
shades of b lue  showed t h a t  b lue  surfaces  r e f l e c t  predominatly 
b lue  wavelengths of l i g h t  b u t  a l s o  r e f l e c t  t he  wavelengths of 
the o the r  co lo r s  t o  some degree. Kulla proceeded t o  p l o t  h i s  
da t a ;  pe r  c e n t  of  l i g h t  r e f l ec t ed  aga ins t  wavelengths. 1 
Upon studying the  curves of Kul la ' s  da ta  it was 
no t iced  t h a t  i n  a l l  samples the  b lue  wavelengths showed a 
maximum re f lec tance  a s  might be  expected, b u t  a l s o  i n  each 
ins tance  t he  complementary color  yellow showed a minimum 
re f lec tance .  
The ob jec t ives  of t h i s  study were (1) t o  see  i f  t he  
co lo r s  red  and green r e f l e c t  only t h e i r  own color  o r  i f  they 
r e f l e c t  t o  some degree a l l  colors  of the v i s i b l e  spectrum; 
l ~ a r o l d  C. Kulla,  "Comparison of the  Actual Physical 
Composition With Commonly Accepted Statements Concerning Color 
Ref lec ted  by Objects" (unpublished Master 's  t h e s i s ,  Drake 
Univers i ty ,  Des Moines, Iowa, 1959) 
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(2)  t o  i n v e s t i g a t e  the s p e c t r a l  reg ion  o f  each c o l o r ' s  
r e s p e c t i v e  complementary c o l o r  and t o  compare t h e  degree  of 
r e f l e c t a n c e  i n  t h e s e  s p e c t r a l  r eg ions  f o r  each c o l o r ;  ( 3 )  t o  
p r e s e n t  a meaningful i n t e r p r e t a t i o n  o f  complementary c o l o r s  
and c o l o r  r e f l e c t i o n  f o r  s t u d e n t s  t h a t  a r e  non-science majors.  
BACKGROUND 
T h i s  problem a r o s e  p a r t i a l l y  from t h e  work of the 
p h y s i c a l  Sc i ence  Course a t  Drake U n i v e r s i t y  where i n  a d d i t i o n  
t o  g i v i n g  the s t u d e n t s  a b a s i c  unders tanding and knowledge o f  
some g e n e r a l  p r i n c i p l e s  of  s c i ence  one o f  t h e  main o b j e c t i v e s  
i s  t o  a l s o  g i v e  the s t u d e n t  an exper ience  i n  t h e  methods of 
s c i e n t i f i c  approach t o  problems- Regular s c i e n c e  depar tments  
u s u a l l y  assume t h a t  t h e  s t u d e n t  w i l l  exper ience  the methods 
o f  s c i e n c e  when performing r e sea rch  f o r  h i s  g radua te  degree.  
The impress ion i s  given t h a t  a s t u d e n t  cannot  conduct  a 
r e s e a r c h  p r o j e c t  u n t i l  the f a c t s  of a p a r t i c u l a r  a r e a  are 
mas te red . l  Th i s  view i s  n o t  h e l d  i n  i t s  e n t i r e t y  by the staff 
o f  Drake ' s  Phys i ca l  Sc ience  Department. The s t a f f  f e e l s  t h a t  
even though a s t u d e n t  does n o t  know a l l  t h e  f a c t s  and p r i n c i p l e s  
w i t h i n  an a r e a  o f  s c i ence  he can s t i l l  g e t  an a p p r e c i a t i o n  and 
f e e l i n g  f o r  t h e  methods o f  s c i ence  by expe r i enc ing  an i n v e s t i -  
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g a t i v e  Process-  The s tudents ,  even though non-science majors, 
a t  t h e  end of t he  physical  science course a r e  expected t o  
a t t a c k  a problem and perform an inves t iga t ion  i n  which t h e  
r e s u l t s  a r e  unknown t o  them. Many of  these  individual  pro- 
j e c t s  a r e  performed with color  f o r  severa l  reasons: (1) color  
i s  n o t  a p a r t  of t h e  regular  course study; ( 2 )  the  study of 
co lo r  arouses an i n t e r e s t  q u i t e  e a s i l y  with most people; ( 3 )  
u n t i l  r e cen t l y  t e x t  books have not  t r e a t e d  color  with very 
much c l a r i t y  and thoroughness .l I n  view of t he  above, color  
makes an exce l l en t  choice of p r o j e c t  work s ince  it is  very 
d i f f i c u l t  f o r  t h e  s tudent  t o  f ind  complete answers i n  r e f e r -  
ence books. However, the s tudent  i s  l im i t ed  i n  h i s  study 
because it is d i f f i c u l t  t o  express h i s  r e s u l t s  and conclusions 
i n  a q u a n t i t a t i v e  manner. 
To a s s i d t h e  s tudent  i n  t h i s  problem of  quan t i t a t i ve  
measurements N. M. Evers of  the Drake Physical Science Depart- 
ment i s  concurrent ly i n  t he  process of modifying a s tudent  
spectroscope t o  measure r e l a t i v e  i n t e n s i t i e s  of  var ious  
regions of the v i s i b l e  spectrum. The modified spectroscope 
uses a pho toe l ec t r i c  tube t o  scan the  spectrum of an incan- 
descent  source. I n  t he  pho toe lec t r i c  e f f e c t  the e l e c t r i c a l  
c u r r e n t  is propor t ional  t o  the  i n t e n s i t y  of t h e  i nc iden t  l i g h t  
source. me l i g h t  inc iden t  upon t h e  photo tube e x c i t e s  an 
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e l e c t r i c a l  cur ren t  through the  c i r c u i t  which i s  passed i n t o  
an ampl i f i e r  and from the amplif ier  t o  an ammeter. I n  t h i s  
manner t h e  r e l a t i v e  i n t e n s i t i e s  of a spectrum can be measured 
i n  t e r m s  of t he  e l e c t r i c a l  cur ren t  stimulated by the  varying 
s p e c t r a l  regions. 
I t  i s  with t h i s  background i n  mind t h a t  t he  purpose 
of t h i s  study can be f u l l y  s ta ted .  Upon inves t iga t ion  of 
t h e  complementary co lors  red and green the  s tuden t  w i l l  have 
a t  h i s  d isposal  a more complete p i c tu re  of complementary 
c o l o r s ,  and the  re f lec tance  of color.  The s tudent  then 
employing the  f indings  of t h i s  paper with t h e  apparatus 
being b u i l t  by Evers o r  another s u i t a b l e  apparatus w i l l  have 
a b e t t e r  i n t e r p r e t a t i o n  of color ,  a method of studying co lor  
and a means t o  express da ta  and conclusions more quant i ta-  
t i v e l y .  
11. LITERATURE 
The importance of the f indings of t he  t h e s i s  by Kulla 
upon t h i s  study was presented e a r l i e r  i n  this chapter .  I n  
add i t i on  t o  t h i s  l i t e r a t u r e  search, it was found t h a t  i n  
1960 B. E. Erickson, S r .  presented a thesis t o  Drake Univer- 
s i t y  which was based upon E. H. Land's work on t he  two color  
theory . l  Er ickson 's  work involved photographing a scene on 
E. H. Land, "Experiments i n  Color Vision,"  S c i e n t i f i c  
American, CC (May, 1959),  84-99. 
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black and white f i lm  through a red  f i l t e r  and a green f i l t e r .  
The p o s i t i v e  p r i n t s  were made i n  black and white transparen- 
c i e s .  When the  two transparencies were projected through 
co lor  f i l t e rs  and superimposed upon a screen by two p ro j ec to r s  
t h e  scene was reproduced i n  near ly  f u l l  color .  The i n t ens i -  
t ies  of  t h e  l i g h t  projec ted  through the  t ransparencies  var ied  
according t o  t h e  spec t r a l  responses of the  individual  f i l t e r s  
used.' This study shows the  red and green being separated 
from white  l i g h t  by the  use of proper f i l t e r s  can be re- 
combined t o  produce a na tu ra l  color  e f f e c t .  
This study by Erickson, based upon E. H. Land's work 
on two co lor  theory was a follow up on t he  th ree  color  theory 
by Maxwell and Helmholtz i n  the  mid 19th  Century. Maxwell's 
work cons i s ted  of combining l i g h t  through red,  green and blue  
f i l t e r s . 2  The l i g h t  re-combined through these  t h r ee  colored 
f i l t e r s  r e su l t ed  i n  a scene i n  f u l l  color .  
Further  search of t he  l i t e r a t u r e  i n  physics books f o r  
t h e i r  view on complementary co lors  yielded nothing more than 
a d e f i n i t i o n  of t h e  term and statements saying t h a t  red and 
'B. E. Erickson, Sr . ,  "Film Densi t ies  and Light  Inten-  
s i t ies of Various Colors Produced by t he  Land Process" 
(unpublished Master 's  t h e s i s ,  Drake Universi ty,  D e s  Moines, 
Iowa, 1960) 
2 ~ .  Bel lo ,  "Astonishing New Theory of Color, " Fortune, 
LIX, No. 5 (May, 1959),  144-48. 
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blue-green  a r e  complementary. Complementary colors are 
d e f i n e d  as "two c o l o r s  t h a t  can b e  added or c d i n e d  to 
o b t a i n  whi te .  " l  "There are s e v e r a l  p a i r s  of colars that 
y i e l d  w h i t e  l i g h t  when added; t hey  a r e  called ccmplementary 
c o l o r s .  Yellow and b l u e  are complementary, as are also red 
and blue-green.  "* Severa l  t e x t s  a l s o  depicted r e f l e c t a n c e  
cu rves  o f  v a r i o u s  c o l o r s .  The sea rch  was a l s o  made i n  t h e  
Chemical Abstracts from 1937 t o  d a t e  and The Reader's Guide 
from 1945 t o  da t e .  The on ly  in format ion  that w a s  o f  h e l p  i n  
these s o u r c e s  lead t o  a series o f  fou r  a r t i c l e s  i n  p e r i o d i -  
c a l s  d e a l i n g  w i t h  E. H. Land ' s  p rocess  which w a s  mentioned 
earlier. 
To o b t a i n  a d d i t i o n a l  in format ion  on c o l o r ,  books 
d e a l i n g  w i t h  c o l o r  e n t i r e l y  w e r e  i n v e s t i g a t e d .  I t  w a s  found 
t h a t  c o l o r  does  n o t  s t o p  w i t h  the phys ic s  o f  l i g h t ,  wave- 
l e n g t h s  and i n t e n s i t i e s  o f  r a d i a n t  energy. The problem of  
c o l o r  i s  a l s o  connected wi th  t h e  b r a i n  and i t s  a t t a c h e d  
nervous  system. A s  one source s t a t e s ;  "The eye upon be ing  
s t i m u l a t e d  by l i g h t  sends impulses t o  the b r a i n .  Color  is a 
m a t t e r  o f  mental  judgment, a s s o c i a t i o n  and emotional  response.  n 3  
IF'. S e a r s  and M. Zemansky, U n i v e r s i t y  Phys i c s  (Reading, 
Massachuset ts :  Addison-Wesley Pub. Co. Inc . ,  1957) ,  p. 827. 
2 ~ .  Hausman-E. S lack ,  phys ics  (p r ince ton ,  New Je r sey :  
D. Van Nostrand Co. Inc . ,  1959) ,  p. 598. 
3~aber B i r r e n ,  Color Dimension (Chicago: Crimson P r e s s ,  
1944) 
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 his statement  a s  many s imi la r  statements from o ther  sources 
~ o i n t  o u t  t h a t  i n  seeing color  the re  i s  a physiological  and 
psychological process.  The l i n e  between the  two is  very t h in ,  
b u t  a t  some po in t  t he re  i s  the  t r ans i t i on .  The eye separa tes  
the co lo r s ,  b u t  our mind forms the  perceptions of space, co lor ,  
shades and hues. Many books dealing with color  and color  
mixing were inves t igated ,  bu t  discussed pigments, color  mixing 
and matching. An example of these i s  a book by William J. 
Miskel la ,  P r a c t i c a l  Color s implif ied.  l 
The search of the  l i t e r a t u r e  yielded much information 
concerning pa in t s ,  dyes, color  mixing, t he  physiology and 
psychology of co lor ,  bu t  was of l i t t l e  he lp  i n  f inding 
e s s e n t i a l  c h a r a c t e r i s t i c s  of complementary colors .  
I n  view of the  f a c t  t h a t  red and green a r e  considered 
t o  be complementary, s t i l l ,  two quest ions remain. (1) What 
i s  t h e r e  t h a t  i s  e s s e n t i a l l y  c h a r a c t e r i s t i c  t o  t he  var ious  
ghades of  red  and green? (2) Why i s  it t h a t  they can be 
cofibined t o  produce a white sensation? 
' ~ i l l i a m  J. Miskella,  P rac t i ca l  Color Simplif ied 
(Chicago: Finishing Research Laboratories,  Inc. , 1928) 
CHAPTER I1 
I. METHOD OF RESEARCH 
Since t he  l i t e r a t u r e  d id  not  o f f e r  answers t o  t h e  
ques t ions  r a i s ed  i n  the  preceeding chapter ,  it was decided 
t h a t  an ana lys i s  of the  complementary colors  red  and green 
should be  made. 
S i x  samples each of red and green paper i n  various 
shades were obtained. The reds varied from b r i l l i a n t  red 
t o  a b lue  red. The greens varied from a blue-green t o  dark 
green t o  yellow green. The various shades were chosen with 
t h e  hope of f inding a c h a r a c t e r i s t i c  common t o  a l l  t he  
varying shades of each color .  A l l  o f  the  samples were taken 
from t h e  same i s s u e  of a magazine so t h a t  the  t ex tu re  can be  
assumed t o  be t h e  same. 
The ana lys i s  of these  samples was made with t he  use 
o f  t he  Beckman Spectrophotometer (model DU) using the  re f lec -  
tance  attachment. With t h i s  instrument individual  wavelengths 
of l i g h t  can be obtained and d i rec ted  upon a white s tandard 
and then on the  sample t o  be  studied. A t  each wavelength 
s e t t i n g  t h e  l i g h t  i s  d i rec ted  upon the  white s tandard and 
the  r e f l ec t ance  s c a l e  i s  adjus ted  t o  read 100 per  cent.  The 
sample is then moved i n t o  t h e  beam of  l i g h t .  The l i g h t  
r e f l e c t e d  by the sample is  di rec ted  t o  a pho toe lec t r i c  tube 
where a small e l e c t r i c  cur ren t  i s  generated. This cu r r en t  
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i s  amplif ied and reg i s te red  upon a galvanometer. The more 
l i g h t  t h e r e  i s  r e f l ec t ed ,  t he  more cur ren t  t he re  w i l l  from 
t h e  phototube. When the  sample i s  placed i n t o  the  l i g h t  
beam a f t e r  having adjusted t he  s tandard 's  cur ren t  reading t o  
100 pe r  cen t  t h e  galvanometer's reading w i l l  change. This 
i s  a r e s u l t  of t h e  d i f ference  i n  the  cur ren t  from t h e  photo- 
tube due t o  t h e  varying r e f l ec t i ng  q u a l i t i e s  of t he  standard 
and sample. To ob ta in  t h e  per cen t  of l i g h t  r e f l e c t e d  by the  
sample t h e  re f lec tance  sca le  i s  adjusted u n t i l  t he  galvanom- 
eter i s  zeroed. The percentage of l i g h t  r e f l ec t ed  by t h e  
sample a s  compared t o  the  white standard i s  then automati- 
c a l l y  recorded on t he  instrument. 
11. ANALYSIS OF COLORS 
The s p e c t r a l  region t h a t  was inves t igated  f o r  a l l  t h e  
colored ob j ec t s  ranged from 350 t o  750 millimicrons, Four 
readings of each sample were made t o  check t h e  reproduc ib i l i ty  
of t h e  spectrophotometer. The majori ty of t he  readings w e r e  
wi th in  0.2 per  cen t  of t he  mean value. The l a r g e s t  devia t ion 
which occurred was 1.3 per cent .  Wo wavelengths were random- 
l y  chosen f o r  each sample f o r  which t he  standard deviat ion was 
determined. Most of t he  deviat ions were 0.11 and 0.12. The 
l a r g e s t  s tandard deviat ion was 0.35. The mean standard 
dev ia t ion  was 0.15. 
The data recorded during the  inves t iga t ion  a r e  given 
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i n  t he  Tables I through XII. The r e s u l t s  a r e  shown graphi- 
c a l l y  i n  Figures 1 through 14. 
Table XI11 contains data  showing the  wavelengths a t  
which t he  maximum and minimum re f lec tances  occur fo r  each of 
the  samples. Figures 13 and 14 a r e  composite graphs contain- 
ing  t he  re f lec tance  curves of a l l  the  samples. These graphs 
g ive  an immediate ove ra l l  view of t he  maximum and minimum 
re f l ec t ance  fo r  a l l  samples i n  t h e i r  respect ive  spec t ra l  
regions.  
TABLE I 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE GREEN SAMPLE 
NUMBER ONE 
wave1 eng th T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU O n e  Two Three F o u r  Mean 
12 
TABLE 11 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE GREEN SAMPLE 
NUMBER TWO 
Wave1 eng th T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  F o u r  Mean 
1 3  
TABLE I11 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE GREEN SAMPLE 
NUMBER THREE 
Wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  F o u r  Mean 
14 
TABLE I V  
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM .THE GREEN SAMPLE 
NUMBER FOUR 
Wave1 eng th T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  F o u r  Mean 
TABLE V 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE GREEN SAMPLE 
NUMBER FIVE 
Wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  Four Mean 
TABLE VI 
PER CENT OF LIGHT REE'LECTED FOR THE GIVEN 
WAVELENGTH FROM THE GREEN SAMPLE 
NUMBER S I X  
Wave1 eng th T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU O n e  Two T h r e e  Four Mean 
TABLE VII 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE RED SAMPLE 
NlJMBER ONE 
Wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One  Two T h r e e  F o u r  Mean 
TABLE VIII 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE RED SAMPLE 
NUMBER TWO 
Wave1 ength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One  Two Three Four Mean 
TABLE IX 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE RED SAMPLE 
NUMBER THREE 
wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two Three F o u r  Mean 
TABLE X 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM. THE RED SAMPLE 
JWMBER FOUR 
Wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU O n e  Two Three F o u r  Mean 
2 1  
TABLE XI 
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE RED SAMPLE 
NUMBER FIVE 
Wave1 eng th T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  F o u r  Mean 
2 2. 
TABLE X I 1  
PER CENT OF LIGHT REFLECTED FOR THE GIVEN 
WAVELENGTH FROM THE RED SAMPLE 
NUMBER S I X  
Wavelength T r i a l  T r i a l  T r i a l  T r i a l  
i n  MU One Two T h r e e  F o u r  Mean 
Wavelength i n  millimicrons 
Figure 1. The percentage of l i g h t  r e f l e c t e d  from 
the green sample nurriber one plot ted against  the wavelength 
of l i g h t .  
Wavelength i n  mill imicrons 
Figure 2 .  The percentage o f  l i g h t  r e f l e c t e d  from 
the  green sample number two plot ted  against  the wavelength 
of l i g h t .  
Wavelength i n  millimicrons 
Figure 3 .  The percentage of l i g h t  re f l ec ted  from 
the green eample nufiber three plotted against  the wavelength 
of l i g h t .  
Wavelength i n  millimicrons 
Figure 4.  The percentage o f  l i g h t  r e f l e c t e d  from 
the green'sample nuiberfourplot ted against  the wavelength 
of l i g h t .  
Wavelength i n  millimicrons 
Figure 5 .  The percentage o f  l i g h t  re f l ec ted  from 
the green sample number five plotted against the wavelength 
of l i g h t .  
Wavelength i n  mil l imicrons 
Figure 6 .  The percentage of l i g h t  r e f l e c t e d  from 
the  green sample number s i x  p l o t t e d  aga ins t  the wavelength 
of light. 
Wavelength i n  millimicrons 
F i g u r e  7 .  The percentage o f  l i g h t  r e f l e c t e d  from 
the r e d  eample nuniber one plot ted against  the wavelength of 
1 ight. 
350 400  450 500 550 600 650 700 750 
Wavelength in millimicrons 
Figure 8. The percentage of light reflected from 
the red eample number two plotted against the wavelength of 
light. 
Wavelength i n  millimicrons 
Figure 9. The percentage o f  l i g h t  re f l ec ted  from 
the red sample number three p lo t ted  against  the wavelength 
of l i g h t .  
Wavelength i n  millimicrons 
Figure 10. The percentage o f  l i g h t  re f l ec ted  from 
the red eample number four p lo t ted  against  the wavelength of 
l i g h t .  
350 400 450 500 550 600 650 700 750 
Wavelength i n  millimicrons 
Figure 11. The percentage o f  l i g h t  r e f l e c t e d  from 
the red sample number f i v e  p lo t ted  against  the wavelength of 
l i g h t .  
Wavelength in  millimicrons 
Figure 12. The percentage of  l i g h t  reflected from 
t h e  red sample number s i x  plotted against the wavelength of 
l i g h t .  
TABLE XI11 
MAXIMUM AND MINIMUM VALUES OF WAVELENGTHS 
AND PER CENT OF LIGHT REFXECTED 
BY ALL SAMPLES 
GREEN RED 
Maximum Minimum Maximum Minimum 
Sample x per cent x per cent x per cent x per cent 
1 525 33 635 7 725 42 525 4 
2 525 25 650 4 725 50 550 2 
3 525 33 625 10 725 67 550 2 
4 525 22 625 5 725 52 575 5 
5 525 66 625 43 725 50 500 15 
6 525 36 600 9 725 50 525 25 
Wavelength i n  millimicrons 
Figure 1 3 .  The percentage o f  l i g h t  re f l ec ted  from 
the green samples p l o t t e d  against  the wavelength of l i g h t .  
Wavelength in millimicrons 
Figure 14. The percentage of  l i gh t  reflected from 
the red samples plotted against the wavelength of l ight .  
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CHAPTER I11 
I n  t h e  d i s c u s s i o n  of  t h e  purpose of this study three  
w e r e  presented:  (1) TO see  if t h e  colors  red and 
green r e f l e c t  o n l y  t h e i r  own co lo r  o r  i f  they r e f l e c t  t o  some 
degree a l l  c o l o r s  o f  t h e  v i s i b l e  spectrum: ( 2 )  t o  inves t iga te  
t h e  s p e c t r a l  r e g i o n  of  each co lo r  and i t s  complementary color  
i n  o rde r  t o  see if t h e r e  i s  something e s s e n t i a l l y  character is-  
t i c  t o  t h e  v a r i o u s  shades of r ed  and green; (3) t o  present  a 
meaningf u l  i n t e r p r e t a t i o n  of complementary colors  and color 
r e f l e c t i o n  f o r  s t u d e n t s  who a r e  non-science majors. 
The conc lus ions  concerning these  quest ions and the  
I 
r e l a t e d  d a t a  can now be considered. I 
I 
The f i r s t  conclus ion  t o  be  made i s  t h a t  a l l  samples 
r e f l e c t e d  t o  some degree  through o u t  t h e  e n t i r e  spectrum 
t h a t  was i n v e s t i g a t e d  and n o t  merely i n  t h e i r  respect ive 
s p e c t r a l  r eg ions .  The r e d  samples r e f l e c t e d  very highly i n  I 
j 
t h e  r e d  r e g i o n  b u t  r e f l e c t e d  very l i t t l e  i n  the  green region. 
The amount o f  b l u e  r e f l e c t e d  was small f o r  the  red samples 
with t h e  excep t ion  o f  r e d  sample number th ree  which i s  a 
bluish-red.  
The g reen  samples r e f l e c t e d  l i g h t  t o  a higher degree 
i n  t h e  green  reg ion ,  b u t  i n  general  r e f l e c t e d  poorly i n  the  
red region.  The one n o t a b l e  exception i s  t h e  sample number 
f i v e  which r e f l e c t e d  a h igh  percentage of the  red wavelengths- 
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This might b e  expected  s i n c e  t h e  sample i s  a yellow-green. 
sut it i s  noted  t h a t  t h e  red  region of t h i s  sample is still 
a on t h e  curve.  
secondly ,  it can b e  concluded t h a t  the  highest per- 
centage o f  r e f l e c t e d  l i g h t  occurs  i n  t h e  region correspond- 
ing  t o  t h e  o b j e c t ' s  c o l o r .  The most s i g n i f i c a n t  conclusion 
i s  e a s i l y  seen  wi th  t h e  a i d  of Table 13  and Figures 13 and 
14. These f i g u r e s  show c l e a r l y  t h a t  the  minimum ref lectance 
f o r  a l l  o b j e c t s  i s  i n  the s p e c t r a l  region of the  o b j e c t ' s  
complementary c o l o r .  I t  i s  a l s o  s i g n i f i c a n t  t h a t  the  region 
i n  which r e d  i s  a minimum, green i s  a maximum and where red 
i s  a maximum, g reen  i s  a minimum. Although it i s  no t  shown 
d i r e c t l y  by  the d a t a ,  one might a l s o  be ab le  t o  conclude t h a t  
when a r e d  s e n s a t i o n  i s  seen,  one is  seeing white l i g h t  minus 
t h e  green wavelengths.  The converse would a l s o  be t r u e  t h a t  
green l i g h t  i s  w h i t e  l i g h t  minus t h e  red wavelengths. 
With r e s p e c t  t o  t h e  t h i r d  quest ion it is  f e l t  by the 
i n v e s t i g a t o r  t h a t  t h i s  s tudy does g ive  an in te rp re ta t ion  of 
the  r e f l e c t a n c e  of t h e  c o l o r s  r ed  and green which should be 
e a s i l y  unders tood by  t h e  non-science major. 
I. RECOMMENDATION FOR F'URTHER STUDY 
T h i s  s t u d y  could  be f u r t h e r  pursued with the  use of 
two monochromators. They could b e  used t o  combine any 
t h a t  are supposed to combine t o  form white l i g h t -  
40 
The values for these wavelengths Could be obtained from 
1 
chromaticity diagrams. 
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